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A STUDY OF THE VALIDITY OF THE DIAGNOSIS OF STROKE IN MORTALITY DATA
1. CERTIFICATE ANALYSISt
United States national mortality data have been used to elucidate the
epidemiology of strokes in several publications in recent years1` and to
serve as an index of medical care needs.' A conservative estimate has indi-
cated that the total number of people dying of stroke has doubled from
about 100,000 in 1934 to a bare minimum of 200,000 in 1965.8 If epidemi-
ologic and Medical Care programs are to be based on stroke mortality
data-before death, many of the decedents will have made heavy demands
on medical resources-knowledge of the accuracy and reliability of the
stroke diagnoses that are entered on death certificates is urgently required.
The present study is an analysis of the errors arising through use of the
death certificate data of stroke victims. Components of this error are
derived from the estimation of mortality from only a single underlying
cause of death, from the conventions of coding, from faulty classification
and from mistaken or unsubstantiated diagnosis.
Since death is ascribed to a single underlying cause in the published
national mortality statistics, information about other diagnoses that may
appear on the certificates is inevitably lost. The analysis described in this
paper is concerned with the procedural and statistical aspects of the use of
mortality data, especially the error that is made because of the failure to use
all the recorded information. A second analysis, to be reported later, will
examine the error arising from unsubstantiated or faulty diagnosis by
relating the certificate diagnosis of stroke to the medical records of the
deceased.
MATERIALS AND METHODS
The study population comprised all New Haven residents over the age of 15 who
had died in the years 1959 through 1964 and whose certificates indicated that vascular
lesions of the brain had contributed to death. The population at risk was taken as
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that enumerated for New Haven by the 1960 census.' This population contained
114,615 persons aged 15 years or more of whom 43.1 per cent were white and 5.7
per cent nonwhite males, 44.6 per cent white and 6.5 per cent nonwhite females.
All death certificates filed in New Haven during the study period were searched;
those belonging to residents and mentioning vascular lesions of the brain, hemiplegia,
and cerebral atrophy either as the underlying or a contributory cause of death were
abstracted. The certificates of City residents who had died outside New Haven but
within Connecticut of vascular lesions of the brain were also abstracted after being
identified by the New Haven Health Department. It was not possible to find the
certificates of residents who died outside the state. The search was performed twice,
by two of the authors who were working independently, and it is believed that all
the relevant certificates were obtained.
The single underlying cause of death used in the published national mortality
tabulations was originally coded on each certificate by state Public Health personnel
using the WHO International Statistical Classification (1955)1 for mortality data.
Subsequently, all diagnoses appearing on each certificate were recoded by the
present authors according to the international classification of disease adapted by
the U.S. Public Health Service for indexing hospital records.7 This is essentially
similar to the WHO International Statistical Classification for mortality data but,
by greater use of a fourth digit, it offers more subdivisions of the main categories.
Table 1 shows the relationships between the two codes for certain lesions of the
central nervous system.
TABLE 1. THE W.H.O. INTERNATIONAL STATISTICAL CODE FOR CERTAIN
LESIONS OF THE CENTRAL NERVous SYSTEM COMPARED WITH THE
ADAPTATION OF THE CODE FOR USE IN HOSPITALS
Diagnosis WHO code Hospital code
Chronic brain syndrome 334 313
Subarachnoid hemorrhage 330 330
Cerebral hemorrhage* 331 331
Cerebral embolism 332 3320
Cerebral thrombosis 332 3321
Ill-defined lesions of the CNS 334 334
Hemiplegia 352 352
Cerebral atrophy 355 355
* If "CVA" is entered on a certificate, it is coded for the primary mortality tabu-
lations as 331.
RESULTS
Of the 1,426 certificates abstracted, 1,038 had been coded for state and
federal publications under C.V.A. rubrics (group 1 certificates). The
remaining 388 (27%o) had been tabulated under other rubrics (group 2
certificates). This division is shown in schematic form in Figure 1.
The distributions of deaths for group 1 and group 2 certificates are given
in Table 2 by age, sex, and race. No differences could be demonstrated
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FIG. 1. Schematic representation of the certificate groups.
Group 1 -certificates listed as C.V.A. in the published national mortality
tabulations.
Group 2-certificates mentioning C.V.A. but listed under other diseases in
the published national mortality tabulations.
between the groups in the distributions either by age, holding sex and race
constant (Kolmogorov-Smirnov two sample test), or by sex and race
(X2 test).
Tables 3 and 4 show the relationship between the coding of the various
causes of death that appeared on the certificates. Table 3 relates the pub-
lished cerebrovascular diagnosis (group 1) to our own coding. The major-
ity of the published diagnoses correspond to our own. Ten diagnoses can,
however, be seen to be discrepant; for instance, the three deaths due to
cerebral hemorrhage as underlying cause were actually stated on the death
certificate as being due to thrombosis. Of these ten, seven were due to errors
in coding by the Health Department and three to differing choices of the
most important cerebral event among several mentioned on a certificate.
In Table 4, group 2 certificates are arranged according to the under-
lying diagnoses, which, by definition, are diseases other than C.V.A., which
occurred most frequently. In 75 per cent of the deaths these diseases were
diabetes, arteriosclerotic heart disease, myocardial degeneration, or hyper-
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TABLE 2. DISTRIBUTION OF DEATHS FROM CVA OF NEW HAVEN RESIDENTS,
1959-64, BY AGE, RACE, AND SEX FOR CERTIFICATES LISTED UNDER CVA IN THE
NATIONAL TABULATIONS (GROUP 1) AND CERTIFICATES MENTIONING
CVA BUT NOT LISTED AS SUCH FOR THE TABULATIONS (GROUP 2).
Age
15-24 25-34 35-44 45-54 55-64 65-74 75+ Total
Group 1
White male 0 3 1 21 33 120 216 394
Nonwhite male 0 0 4 5 14 16 11 50
White female 1 0 4 10 51 116 344 526
Nonwhite female 0 0 5 8 19 15 21 68
Total (1) 1 3 14 44 117 267 592 1,038
Group 2
White male 0 0 2 6 16 42 80 146
Nonwhite male 0 0 1 1 2 5 4 13
White female 0 1 1 10 22 51 123 208
Nonwhite female 0 1 0 3 7 5 5 21
Total (2) 0 2 4 20 47 103 212 388
Total for all
certifications 1 5 18 64 164 370 804 1,426
tension, all of which are well known to be associated in one way or another
with the various kinds of cerebrovascular disease.
The distributions of group 1 and 2 certificates by C.V.A. rubric are
given by the totals of the columns in Tables 3 and 4 respectively. These
distributions differ significantly from each other, with more reports of sub-
arachnoid hemorrhage, and cerebral thrombosis in group 1 than in group 2,
and a larger number of cerebral embolism, chronic brain syndrome, and
hemiplegia cases indicated in group 2 than in group 1. This is summarized
in Table 5 which shows the percentage of certificates in each group bearing
a specific C.V.A. diagnosis. Of certificates mentioning subarachnoid hemor-
rhage 90.2 per cent were coded for the published data as C.V.A.'s whereas
only 18.2 per cent of the diagnoses of hemiplegia appear as such. The per-
centages under the group 2 heading indicate the extent to which the pub-
lished records under-represent all traceable cases of persons whose certifi-
cates state they died with a cerebrovascular disorder. In New Haven,
setting aside for the moment the problem of the accuracy of diagnosis, this
means that published mortality data underestimate the stroke problem
by 27 per cent.
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TABLE 5. THE PERCENTAGE, BY GROUP, OF CERTIFICATES BEARING A
PARTICULAR CEREBROVASCULAR DIAGNOSIS
Percentage of diagnosis
occurring in
Cerebrovascular accident on certificate Total Group 1* Group 2
Chronic brain syndrome, cerebral atrophy 26 23.1%o 76.9%
Subarachnoid hemorrhage 51 90.2%o 9.8%
Cerebral hemorrhage 768 73.7%o 26.3%
Cerebral embolism 31 35.5% 64.5%
Cerebral thrombosis 428 78.7% 21.3%
Ill-defined lesions 111 63.1% 36.9%
Hemiplegia 11 18.2% 81.8%
Total 1,426 72.8% 27.2%
* This column gives the percentages of group 1 certificates which bore the specified
CVA diagnoses but were in fact coded under any one of the CVA rubrics for the
official tabulations.
Six-year age-adjusted death rates based on all certificates can be seen
in Table 6. The white male population of New Haven in 1960 was used as
a standard for age adjustment. Significant differences (at the 5 per cent
level or less) between the rates for the same sex of different races and for
different sexes of the same race are given in the table.
Ratios of these rates and of those of group 1 were examined in the
combinations indicated in Table 7. Only the ratios for all rubrics combined,
for cerebral hemorrhage and for thrombosis are tabulated, as the number
of deaths under the other rubrics was very small and the ratios could not be
examined reliably. No difference could be found between values for a given
ratio estimated from all traceable C.V.A. deaths and from only those
enumerated in the published national statistics.
Figure 2 shows the seasonal distribution of deaths by month. The largest
number of deaths occurred during the winter with a peak in February and
the smallest number in September; there is also a suggestion of a sec-
ondary peak in July and August. The pattern is similar for the two groups
plotted although there are nonsignificant discrepancies in June, July, and
October which are indicated by the arrows. The proportion of deaths in
each month in which, according to the death certificates examined, respira-
tory infection was involved bears no relation to the seasons.
DISCUSSION
The results will be discussed first as they throw light on the validity of
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TABLE 6. SIX-YEAR AGE-ADJUSTED DEATH RATES
AND RUBRIC, FOR ALL CERTIFICATES
PER 10,000 BY SEX, RACE,
Males Females
Rubric White Nonwhite White Nonwhite
330-334 109.5* + 4.5 171.3* + 21.4 113.3t ± 4.0 206.1t ± 21.7
(541) (64) (733) (88)
330 2.8 + .76 2.9* + 2.1 3.9t j+± .83 22.6t* + 6.8
(14) (2) (23) (12)
331 56.1* + 3.3 117.5* + 18.1 63.6t ± 3.1 117.1t + 16.7
(277) (43) (410) (49)
3320 1.6 ± .57 4.2 + 3.0 3.4* + .75 0*
(8) (2) (21)
3321 35.6 + 2.6 34.5 + 9.8 33.6 + 2.2 45.8 ± 10.8
(176) (13) (221) (18)
334 13.4* + 1.6 12.1 + 6.1 8.6* ± 1.1 20.7 ± 7.2
(66) (4) (58) (9)
Observed number of deaths shown in parentheses.
*t Rates marked in the same manner in any row differ from each other at the l1o
level, except for rubric 334, where the difference is at the 5%o level. Comparisons have
been made only between like sex of differing races and like race of differing sexes.
When certificate groups 1 and 2 were treated separately, the same differences were
found, except for 334, where the rates did not differ significantly from each other.
TABLE 7. RATIOS OF AGE-ADJUSTED DEATH RATES BY SEX AND RACE FOR ALL
CERTIFICATES AND FOR CERTIFICATES CODED AS CVA FOR THE
NATIONAL TABULATIONS (GROUP 1)
Sex Race
Certificate Nonwhite
group Male (M) Female (F) White (W) (NW)
Ratio: W/NW W/NW M/F M/F
All rubrics 330-334
All .6392 ± .084 .5496 ± .061 .9663 ± .052 .8309 + .136
1 .5919 ± .088 .5141 ± .066 .9878 + .064 .8581 + .160
Cerebral hemorrhage 331
All .4768 ± .079 .5436 ± .082 .8809 ± .067 1.0041 + .211
1 .4220 o .077 .5045 + .089 .9058 ± .081 1.0828 ± .256
Cerebral thrombosis 3321
All 1.0318 ± .302 .7350 ± .180 1.0590 ± .105 .7544 ± .278
1 1.2115 + .426 .6892 + .185 1.1087 ± .124 .6307 ± .270
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FIG. 2. Seasonal variation of deaths from cerebrovascular accidents in New Haven
for the period 1959-64 as derived from all death certificates mentioning C.V.A. and
from those which have been classified as C.V.A. in the published mortality tabulations
(group 1). The arrows indicate discrepancies that are nonsignificant.
how well official mortality tabulations indicate the epidemiology of C.V.A.
and secondly the extent to which our findings can be taken as represen-
tative of the state of affairs elsewhere in the United States.
Two groups of certificates mentioning C.V.A. have been defined within
the total; one was enumerated as C.V.A. in the published data and the
second classified under non-C.V.A. rubrics because it was believed that
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another disease was primarily responsible for death. These two groups
resemble each other to a striking degree with respect to age, sex, and race.
This would seem to mean that (setting aside diagnostic accuracy), in New
Haven at any rate, unbiased conclusions can be drawn from the published
data alone about the mortality of C.V.A. as it relates to these demographic
variables (see Table 2) regardless of whether the person was considered
to have died of the stroke or simply to have suffered it before death and
died with it.
This finding has particular significance for conclusions based on the ratio
of male to female age-specific or age-adjusted death rates. The ratio is
dependent on only three variables: age, sex, and race. It has epidemiologic
value as an indicator of differences in death rates between the sexes, and
of secular changes in these differences which, when calculated for areas
with uniform certification methods, are relatively free from physician bias.
The statistic reflects the relationship between the rates but not their abso-
lute values, since, during the calculation, the denominators of the rates
cancel out.
We calculated each ratio first from the age-adjusted rates derived from
all the certificates (an estimate of the total number of strokes contributing
to death) and then from group 1, (the rates that would be obtained from
the published data). As expected, no ratio calculated from one group of
certificates differed from its pair calculated from the other. Within the
limits of this type of analysis, then, it would seem that the use of a single
cause of death tabulation is free from bias.
A further similarity is to be found in the plots of the seasonal distribution
of C.V.A. deaths which were closely parallel regardless of the certificate
group from which they were calculated. If a larger sample had been
obtained the arrowed differences in the summer months (Figure 2) might
have been found significant, but on the available evidence, the distribution
is unaffected by the present procedure of tabulating a single cause of death.
However, significant bias does arise in the distribution of deaths by
rubric and, although this may in part be attributable to the natural history
of the disease, it may also be due to the conventions of coding. For instance,
the greater proportion of cerebral embolism in group 2 is probably due to
the rule that precedence as underlying causes of death will be given to the
diseases giving rise to embolus formation (rheumatic heart disease, myo-
cardial infarction, arrhythmias, etc.). There are also more "vague" C.V.A.
diagnoses in group 2 certificates because coders tend to give precedence to
more precise diagnoses whenever these are written on the certificate. In
addition to these observed discrepancies, it is also probable that mortality
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from hemorrhage is artificially exaggerated, for when a physician, uncertain
of the exact diagnosis, enters "C.V.A." or "stroke" on the death certificate,
the rules require that this entry be coded as hemorrhage (ISC 331). Since
far and away the most likely alternative diagnosis is thrombosis, this
practice will not only inflate the death rate from hemorrhage but will
presumably also cause underestimation of the death rate from thrombosis.
Support for this suggestion is to be found from studying the ratio of age-
adjusted, or, for certain ages, age-specific death rates for cerebral hemor-
rhage as against those for the thrombo-embolism group. These ratios calcu-
lated from the published data have been consistently greater than unity
both in New Haven and in the country as a whole, yet in several recent
incidence studies8'9 where reasonable steps have been taken to confirm
diagnosis it has been found to be less than one. In England and Wales it
fell below unity in 1955.10
On the other hand, as has been stated above, subarachnoid hemorrhage
is attributed to a C.V.A. cause of death in more than 90 per cent of cases
and appears as subarachnoid hemorrhage itself (i.e. under rubric 330) in
86 per cent of all cases. As our study proceeds we may well find that the
published data give a true picture of this particular kind of C.V.A., as
not only are the statistical errors relatively small but it may also prove
to be the C.V.A. most easily diagnosed, as suggested in a recent British
study' that compares certificate diagnoses with necropsy data.
The frequency with which other of the individual diagnoses are pub-
lished under C.V.A. rubrics (about 75 per cent for cerebral hemorrhage
and for thrombo-embolism, less for other C.V.A.'s) indicates that the
published data give not only an underestimate of the magnitude of the
C.V.A. problem, but that this underestimate is liable to different biases
according to the individual kind of C.V.A.
Comparison between the C.V.A. mortality in New Haven and else-
where in the United States was made in an attempt to determine the
extent to which the death certificates used in the study are an atypical
group and whether they might form a reasonable basis for drawing con-
clusions about the problem in the nation at large. It was found that
although there were similarities there were also important differences.
The relationships between death rates for the various rubrics compared
on a demographic basis in this study are similar to those found both in
the National Statistics' and in another local study in Memphis, Tennessee
carried out by Krueger, Williams, and Paffenbarger.' In all three, higher
age-adjusted rates for non-whites than for whites appear for cerebral
158
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hemorrhage and for all rubrics combined, and in all three there is little
if any racial difference in rates for thrombosis (ISC 332).
Thrombo-embolism and hemorrhage accounted for the same proportion
of the total of published C.V.A.'s in New Haven as in the nation. Cerebral
thrombo-embolism occurred in 30.7 per cent of all published C.V.A. deaths
in persons 15 years old or more in the United States for the years 1959-
1964, as compared with 33.5 per cent in the present data (group 1
certificates); hemorrhage occurred in 56.4 per cent and 54.5 per cent
respectively.'
Figure 2 shows that New Haven has the same seasonal patterns for
C.V.A. mortality as those described by Wylie for both the United States
and England and Wales.'4 The actual percentage values differ a little but
the same high in the winter and low in the late summer can be seen.
Seasonal analysis of Japanese deaths shows the same general pattern
although the trough is a little earlier in the year."
Despite these general similarities there are also important differences.
The National Center for Vital Statistics has recently published a special
report'e which presents an analysis of the secondary and contributory
causes of death in the nation during the year 1955. We show some of the
analysis in Tables 8 and 9.
TABLE 8. SECONDARY CAUSES OF DEATH IN THE UNITED STATES IN 1955
WHICH WERE SIGNIFICANTLY* ASSOCIATED WITH CVA WHEN CVA
WAS THE UNDERLYING CAUSE OF DEATH
Secondary cause of death White Non-white
Breast * *
Male genitals Neoplasms *
Unspecified J *
Diabetes * *
Psychoses *
Arteriosclerotic heart disease * *
Hypertension with mention of heart * *
General arteriosclerosis * *
Pneumonia * *
Hyperplasia of prostate *
Arthritides *
Senility *
Congenital malformations - *
* Significant association, p < 0.01.
Source: Vital Statistics of the U.S., 1955."
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TABLE 9. UNDERLYING CAUSES OF DEATH IN THE UNITED STATES IN 1955
WHICH Wm SIGNIFICANTLY AsSOCIATED* WITH CVA WHEN CVA
WAS A SECONDARY CAUSE OF DEATH
Underlying cause of death White Non-white
Benign and unspecified neoplasms *
Diabetes * *
Chronic rheumatic heart disease *
Arteriosclerotic heart disease * *
Non-rheumatic chronic endocarditis
and myocardial degeneration * *
Hypertension with mention of heart * *
Other disease of circulatory system *
Chronic and unspecified nephritis and
other renal sclerosis * *
Motor vehicle accidents * *
Other accidents *
Homicide and war *
* Significant association, p < 0.01.
Source: Vital Statistics of the U.S., 1955.1'
In the present study, C.V.A. as a secondary diagnosis on a certificate
tends to be associated with the underlying causes of death of diabetes,
arteriosclerotic heart disease, and hypertension. For statistical reasons we
are unable to say whether the association of C.V.A.'s with these particular
diseases is in excess of expectation, but it would seem that they are as
they account for some 75 per cent of all associations. This conclusion is
in agreement with data from the national study.
Table 10 shows for the New Haven and the national studies the per cent
of all certificates mentioning C.V.A. as a secondary cause of death for
which the underlying causes of death were diabetes, arteriosclerotic heart
disease, and hypertension. Although the proportion of deaths due to arterio-
TABLE 10. PERCENTAGE OF ALL CERTIFICATES MENTIONING CVA AS A
SECONDARY CAUSE OF DEATH ACCORDING TO THREE CATEGORIES OF UNDERLYING
CAUSE, IN NEW HAVEN AND THE UNITED STATES
Underlying causes of death
ASHD, MI,
Survey Diabetes myocard. degen. Hypertenson
New Haven 12.6% 45.4% 16.8%
United States* 5.3% 34.9% 26.6%
* Source: Vital Statistics of the U.S., 1955.16
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sclerotic heart disease is similar in both studies, those due to the other two
diseases differ considerably. There is a 2/2fold difference in the frequency
with which diabetes is mentioned as an underlying cause of death in
New Haven as compared with the nation. This discrepancy could be due to
sampling in the National study or to the possibility that the natural history
of the disease differs in different parts of the country. In our opinion,
however, the most likely explanation is that it is a reflection of the higher
standard of death certification in New Haven than in the nation at large,
a probable effect on standards of a large University Medical Center in a citv
with a population of 152,000.
The reliability of the actual diagnoses remains to be tested, but there are
preliminary grounds for believing that this is a definite source of error as
discussed earlier in regard to over-diagnosis of cerebral hemorrhage. This
belief is supported by the British study mentioned above which indicates
that faulty diagnosis is responsible for a considerable error in estimates of
the stroke problem in England and Wales.
In conclusion, although the quality of certification in New Haven may
be a little better than in the nation at large, many aspects of the local data
are closely similar to those of the national data. It would seem that any
attempt to judge the magnitude of the stroke problem from published
mortality data may lead to an underestimate of about 27 per cent for all
cerebrovascular accidents, but that this varies according to the actual
pathology of the lesion. It means that instead of 200,000 deaths from cere-
brovascular accidents in the nation in 1965 there may have been as many as
254,000, all mentioned on death certificates.* This estimate will have to be
readjusted, however, when we determine the extent of the error arising
from misdiagnosis.
SUMMARY
All death certificates mentioning cerebrovascular accidents (CVA)
(ISC 330-334, 352, 355) of 1,426 New Haven residents who died in
Connecticut between 1959-64 have been abstracted, and the data analyzed.
The following results are discussed:
Of the 1,426 certificates, 1,038 (72.8%) were coded under C.V.A.
rubrics for inclusion in the published mortality tabulations of the National
Center of Health Statistics. The remaining 388 (27.2%o) were considered
as secondary causes and did not appear in the published data.
Deaths in which C.V.A. was a secondary cause were distributed by age,
* Since this paper was written one of us has, using a more direct method, recalcu-
lated this statistic from National data'7 and estimated it to be 385,000.
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sex, and race, in the same way as those in which C.V.A. was an underlying
cause.
The probability of a given type of C.V.A. being coded under a C.V.A.
rubric in the published tabulations varied between 18.2 per cent for
"hemiplegia" (ISC 352) and 90.2 per cent for subarachnoid hemorrhage
(ISC 330).
Seventy-five per cent of certificates not coded as C.V.A. were included
in official tabulations under ISC rubrics for diabetes, arteriosclerosis, and
hypertension.
It is estimated that, as only 73 per cent of the reported C.V.A.'s in this
study contributed to the published mortality data, the figure of 200,000
deaths from C.V.A. in the nation in 1965 was an underestimate and that
it may have been as high as 254,000.*
APPENDIX
The standard errors for age adjusted death rates were calculated from the following
formula :**
,7 pi (1- pi) S
S. E. = 1O0,000 Z1 N, St
Where i = age group. Seven age groups were considered between 15 and 75+ years.
P1 = proportion of deaths in population in the ith group.
N, = total number of persons in ith group.
S = number of persons in standard population in ith group.
St = total standard population.
The standard errors of the ratios of death rates were calculated from the following
formula:
S.E. = ( Rate, Variance of rate1 Variance of rate2
Rate2 IRate1 Rate3
where the variance of the rates were calculated from the formula in the first
paragraph.
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